Abstract We report on a revisit in 2009 to sites where vegetation was recorded in 1967 and 1970 on Disko Island, West Greenland. Re-sampling of the same clones of the grass Phleum alpinum after 39 years showed complete stability in biometrics but dramatic earlier onset of various phenological stages that were not related to changes in population density. In a fell-field community, there was a net species loss, but in a herb-slope community, species losses balanced those that were gained. The type of species establishing and increasing in frequency and/or cover abundance at the fell-field site, particularly prostrate dwarf shrubs, indicates a possible start of a shift towards a heath, rather than a fell-field community. At the herb-slope site, those species that established or increased markedly in frequency and/or cover abundance indicate a change to drier conditions. This is confirmed both by the decrease in abundance of Alchemilla glomerulans and Epilobium hornemanii, and the drying of a nearby pond. The causes of these changes are unknown, although mean annual temperature has risen since 1984.
INTRODUCTION
Impacts of on-going and future climate change on Arctic ecosystems are receiving increasing attention because it is now widely acknowledged that global warming is amplified in the Arctic (ACIA 2005; Anisimov et al. 2007 );
Arctic ecosystems are particularly vulnerable to climate change (Callaghan et al. 1992 Chapin et al. 1992) ; changes in Arctic ecosystems and vegetation zones have major implications for global biodiversity, ecosystem services and climate regulation ; and impacts of climate change are already measurable (Post et al. 2009; Bhatt et al. 2010; Callaghan and Tweedie 2011 [this issue] ). However, not all ecosystems and their components are responding to warming (Daniëls and de Molenaar 2011 [this issue]) as would be expected from many studies and from projections of ecosystem responses derived from modelling Callaghan et al. 2005; Kaplan and New 2006; Wolf et al. 2008; Euskirchen et al. 2009 ). Also, some areas that indicate vegetation changes based on remote sensing techniques (e.g. Bhatt et al. 2010) are poorly represented by capacities for field validation, for example, in the Taymyr Peninsula of the Russian Arctic and on Greenland.
Exceptions to the general trend of range extension and increased plant performance are treeline and forest vegetation that have not responded to recent warming (Van Bogaert et al. 2009 , low Arctic vegetation of southeast Greenland (Daniëls and de Molenaar 2011 [this issue]) and high Arctic vegetation on Svalbard (Prach et al. 2010) . Furthermore, some observations of ecosystem change, such as recent advances of shrubs into the tundra, assume implicitly or explicitly that the vegetation dynamics are related to climate warming (e.g. Sturm et al. 2001; Tape et al. 2006; Hallinger et al. 2010) , but this assumption can sometimes be challenged because many other factors, such as herbivory (e.g. Cairns and Moen 2004; Olofsson et al. 2009; Van Bogaert et al. 2011) , extreme winter warming events (Bokhorst et al. 2009 ), and methodological constraints (Büntgen and Schweingrubber 2010) often confound simple cause-response relationships. An additional Electronic supplementary material The online version of this article (doi:10.1007/s13280-011-0169-x) contains supplementary material, which is available to authorized users. challenge to our understanding of responses of ecosystems and their components to climate change are preconceptions that sites, ecosystems and their components are often selected for study because they are expected to be sensitive to change. The literature is probably therefore, currently biased towards studies of treeline and shrub-line ecosystems. Further, an inappropriate 'currency' of response variables of plants to climate warming (Forchhammer et al., unpubl. results ) is often chosen. For example, biomass and phenology are often measured to indicate responses of vegetation to climate change, but, total biomass, of which over 90% can be below-ground (Shaver and Cutler 1979) , could give a significant buffering of inter-annual variations in above ground biomass. Phenology also has a low signalto-noise ratio. Although phenology has changed significantly in some areas such as high Arctic north-east Greenland (Høye et al. 2007) , the consequences for population and ecosystem dynamics are more difficult to record. For example, how important is earlier flowering for a plant species that recruits its populations mainly from clonal growth? Another common currency to indicate 'greening of the Arctic' is remotely sensed NDVI (Myneni et al. 1997; Jia et al. 2003; Bhatt et al. 2010) , but this parameter records a mixture of leaf area index and plant species composition changes (Campioli et al. 2009 ) and may also be affected by surface water cover (Goswami et al. 2011) .
In this study, we address some of the challenges and ambiguities in the data on plant and vegetation responses to climate change by revisiting sites on Disko Island, West Greenland. The sites were selected for baseline botanical studies in 1967 (Callaghan et al. 1976 ) and, therefore, independently of the climate change issue. The concept behind the study is that developed within the International Polar Year (IPY) 'Back to the Future Project' (Callaghan et al. 2011 [this issue]) . Our aims were specifically to (a) re-establish study plots established and recorded in 1967 and 1970; (b) repeat measurements to identify changes or stability at the levels of the landscape, plant community, plant population and individual plant; (c) explore possible causes of change and/or stability; (d) preserve the sites and old and new data for future generations of researchers.
STUDY SITES
The sites were from the former International Biological Programme (IBP) Tundra Biome Bi-Polar Project (Callaghan et al. 1976; Bliss et al. 1981) . They were located close to the Arctic Station (http://arktiskstation.ku.dk/english/), operated by the University of Copenhagen, at Qeqertarsuaq (Godhavn) on the south shore of Disko Island (also called Qeqertarsuaq) at 69°15 0 N, 53°34 0 W (Fig. 1a) . The sites consisted of an area in Østerlien (Fig. 1b) , ranging from a flat area at 75 m above sea level (asl) dominated by the shrub Salix glauca (all nomenclature follows Böcher et al. 1968) to a ridge at 128 m asl dominated by fell-field vegetation. The transition is a slope down which warm springs flow from basalt cliffs. These streams are lined by diverse and productive moss and herb communities. The Primary Site was a south-facing, sub-arctic slope supporting luxuriant closed vegetation of bryophytes, herbs and dense willow shrubs. This site is highly insolated and relatively sheltered from wind. The soil is predominantly humic, flushed and eutrophic; snow cover is thick during winter (up to several metres) and persistent until at least mid-June. An additional site, similar to the stream bank vegetation in Østerlien, was located at the foot of Lyngmarksfjellet (the Lyngmarksbugt Site: LB), and a snow bed site was also located there (Callaghan 1972 (Callaghan , 1974 . Details of the study sites are given in Table 1 . Mean monthly temperatures vary by about 22.5°C and the period above 0°C is about 4.5 months (Hansen et al. 2006) .
The climate has shown warming since 1984 (Hansen et al. 2006 ; Fig. 2 ) when the mean annual minimum is compared with the mean annual maximum. Although there is great inter-annual variability during this warming period, mean annual temperatures have been as high as, or higher than, the highest temperatures recorded since 1924 although over a 130-year period ending in 2004, the high temperatures are not unprecedented (Hansen et al. 2006) . Another environmental change is the expansion of amenities for the town including extracting a water supply for the export of spring water from the Lyngmarksfjellet Site.
PAST DATA SOURCES
A challenge in multi-decadal projects such as this is to identify the original sites accurately and to access original publications, often in the grey literature, and original data. Fortunately, the project had access to an original researcher who worked at the sites in 1967 and 1970. Site re-identification was also facilitated by an 8-mm cine film (now digitised) of the sites and IBP research there in 1967 and 1970, and 35 mm slides (now digitised) taken in 1970. Most of the sites were relocated with great accuracy including individual clones of Phleum alpinum L. Detailed accounts of the first records of the sites were published formally by Callaghan (1974) and Clarke et al. (1971) but other results are included in the grey literature, particularly Callaghan's 1972 PhD thesis (now digitised) and several IBP Tundra Biome workshop reports (e.g. Lewis and Callaghan 1970) . In line with International Panel on Callaghan 1970) . Note that Godhavn = Qeqertarsuaq Climate Change and International Polar Year recommendations, copies of the photographs and grey literature are held at the Abisko Scientific Research Station. Unfortunately, original data have been lost, and this constrains the statistical analyses of change between past and new measurements. A further constraint is that one site revisit after several decades gives only a snap-shot of changes with no information on inter-annual variations.
METHODS

Landscape Scale
Repeat photography (8-mm cine film taken in July and August 1967, and from March to September 1970, and 35-mm slides taken throughout 1970) was employed to compare general landscape features and to aid site identification.
Plant Community Scale
Plant community composition was recorded at the original sites using the original methods as far as possible. At the Primary Site in late July 1967, cover abundance (±5%) was estimated from five 25 9 25 cm quadrats, randomly located within the vegetation dominated by a biologically diverse and productive stream bank vegetation, rather than within the closed S. glauca scrub between streams (Fig. 3) . Percentage frequency was obtained from a further 25 randomly located 10 9 10 cm squares. Frequency was the percentage of small quadrats containing a given species, 1 9 6 4 1 9 6 9 1 9 7 4 1 9 7 9 1 9 8 4 1 9 8 9 1 9 9 4 1 9 9 9 2 0 0 4 2 0 0 9
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Time ( and cover abundance was visually estimated (±5%). On 26 July 2009, a more structured sampling design was applied in which an area of 8.5 m (across slope) 9 12.5 m (down slope) was marked out in the same area as sampled in 1967. A grid was established with regular 1.5-m intervals across slope, and 2-5 m intervals down slope. Plant species' cover abundance was estimated visually in twenty-five 25 9 25 cm squares located in the NW corner of each grid area and frequency was calculated from observations in 10 9 10 cm quadrats placed in the NW corner of each 25 9 25 cm quadrat.
At the Fell-field Site, in 1967, twenty-five 10 9 10 cm quadrats were randomly located over an area of approximately 10 9 10 m. Plant species frequency was calculated. Cover abundance was estimated visually in five randomly located 25 9 25 cm quadrats. On 26 July 2009, a grid of 12 9 12 m was established in an area enclosing that sampled in 1967 (Fig. 4) . Sixteen 25 9 25 cm quadrats were located in the NW corner of each 3 m grid cell. In addition, four extra quadrats were located randomly to make a sample size of twenty. Frequency of plant species was estimated in these 25 9 25 cm quadrats and cover abundance was estimated in fifty 10 9 10 cm squares within the larger quadrats. Species formerly present but absent in the sample quadrats in 2009 were sought and, if found, recorded within the overall area, i.e. outside the quadrats. For analytical purposes, these were represented by a nominal 1% frequency value to ensure their presence but rare occurrence.
Identification of some species was difficult and aggregate groups were therefore established. These include for the Fell-field Site 'other mosses' that excluded Polytrichum piliferum and Rhacomitrium lanuginosum, and 'Carex spp.' that included C. rupestris and C. capillaris. Because data were not available for individual quadrats in 1970, it is not known if the species that were merged co-occurred in quadrats or were mutually exclusive. To detect change in 2009 therefore, both upper and lower limits of frequency in 1970 were calculated by assuming total mutual exclusion and 100% co-occurrence respectively. At the Primary Site, Philonotis tomentella that had 1% frequency in 1967 was not separated in 2009 from Pohlia wahlenbergii that had large frequencies in both 1967 and 2009.
Plant Population Scale
Population characteristics were compared over time by comparing the number of flowering tillers per m 2 . In 1970, the number of flowering tillers occurring in 50 random 25 9 25 cm quadrats was counted at the LB Site. On 29 July of 2009, the number of flowering tillers was counted at In the picture are Dr. Martin Lewis (centre), now deceased, and Elin J. Jantze (extreme right) and Terry Callaghan the Primary Site in eight 25 9 25 cm randomly distributed quadrats where P. alpinum was present, and at the LB Site, it was estimated in 12 quadrats used for the floristic description (not presented here).
Individual Plant Scale
Comparisons of biometrics and phenology were made for P. alpinum between 1970 and 2009 following the same methodology described in Callaghan (1972 Callaghan ( , 1974 . Biometric measurements were made on 25 randomly selected tillers from the LB and Primary Site in 1970 and on 15 tillers from sixteen 25 9 25 cm quadrats at the LB site on 28 and 29 July 2009. Measurements were also made on an additional 24 tillers randomly selected from the eight 25 9 25 cm quadrats used for the floristic descriptions of the Primary Site. Measurements consisted of the maximum length and width of the inflorescence, length of the youngest internode on a flowering tiller, flowering tiller height, length of youngest leaf on the flowering tillers and length of the longest leaf on the vegetative tillers, and number of living leaves per vegetative tiller.
Phenological observations were made on the same clones studied in the 1960s by measuring several variables on 28 July 2009 and estimating from observations the dates in 1970 on which the same values were obtained. In 1970, comparisons were made between three widely separated permanent quadrats at the LB Site spaced along a stream bank. The quadrats had growing seasons of differing lengths and the development of five flowering tillers per sampling site was monitored. Initially tillers at the same developmental stage were selected; this stage was when of the inflorescence was still enclosed by the youngest leaf sheath. Only 'Quadrat A' plants remained in 2009, and these were re-sampled. This sub-site was the first to emerge from the snow in spring and in 1970 the growing season length was 98 days. The variables consisted of a sexual maturity index estimated from a visually determined arbitrary index of the proportion of flowers in an inflorescence that had exerted anthers and styles and a senescence index estimated for the youngest leaves of flowering tillers (Supplementary Table 1) . Also, the lengths of the youngest internodes and number of living leaves were measured. For the measurements in 2009, we sampled the same tillers used for biometric measurements.
RESULTS
Landscape Scale
The general landscape had changed relatively little over 40 years: S. glauca still dominated the plateau and hill slopes, fell-field communities still occupied the ridge top and productive, biologically diverse stream bank vegetation still existed in almost identical locations (Fig. 3) . However, there was one significant change in 2009 in that a pond on the valley floor was now much reduced in extent and Eriphorum sp. was establishing in areas where the pond had dried. The Fell-field Site had also apparently changed little: it was still dominated by lowgrowing fell-field vegetation, and approximately the same area of vegetation proportional to bare ground existed (Fig. 4) .
Plant Community Scale
At the Fell-field Site, three species were recorded in 2009 that were not recorded in 1967 ( Fig. 5; Supplementary  Table 2 ). However, six species present in 1967 were not recorded in 2009. Eleven species/species aggregates increased their frequencies between 1967 and 2009 whereas only two species (both mosses) decreased in frequency. The greatest increases in frequency (Dryas integrifolia and lichens) were in the order of 30%, and the greatest decrease was about 16%. Estimates of changes in percentage cover of species at the Fell-field Site between 1967 and 2009 ( Fig. 6; Supplementary Table 3) showed that there were seven species less in the cover analysis plots than in 1967. However, one of these, Saxifraga tricuspidata, was recorded (but at very low frequency) in the area in 2009 ( Fig. 6; Supplementary Table 3 ). This currently infrequent species at the site had a significant cover (5%) in 1967. Of those species that showed decreases in cover by 2009, only two species (Luzula arctica and the Carex species aggregate) had significant cover values in 1967. Betula nana and Diapensia lapponica had cover values of 7 and 10%, respectively, in 2009, but were not recorded in the cover analysis plots in 1967. The two prostrate dwarf shrubs D. integrifolia and Vaccinium uliginosum increased substantially in cover between 1967 and 2009 ( Fig. 6; Supplementary Table 3 ). About 50% of the ground surface was bare or had mosses and lichens in 2009.
In contrast to the Fell-field Site, no bare ground was present at the Primary Site. Six species present in 1967 were not recorded in 2009 at the Primary Site ( Fig. 7 ; Supplementary Table 4), and there were also six species found in 2009 that were not recorded in 1967. Species that had been present earlier but were not recorded in 2009 had previously been quite frequent (maximum of 8% for the moss Acrocladium sp. and Arabis alpina) (Fig. 7) . The six species that appeared since 1967 also had high frequencies (16% for Chamaenerion angustifolium). Almost equal numbers of species showed an increase compared with a decrease in frequency between 1967 and 2009 and many changes in frequency were high (between 15 and 40%). Changes in cover abundance were also high, particularly when compared with the Fell-field Site: five species at the Primary Site had recorded differences of between 20 and 30% (Fig. 8) .
Plant Population Scale
The number of flowering tillers per m 2 at the LB Site was 19.8 in 1970 and 21.3 ± 11.5 (standard error) in 2009. Flowering tiller density at the Primary Site was 
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Change ( 104.3 ± 19.7 (standard error) and therefore much higher than at the LB Site in 2009. However, it was not measured at the Primary Site in 1970.
Individual Plant Scale
In 2009, the biometrics of P. alpinum was measured on the same individual clones as in 1970: these were the Quadrat A clones in Callaghan (1972 Callaghan ( , 1974 that were the only clones to remain undisturbed at the LB Site. Comparisons over the 39 years showed surprisingly little variation in the sizes of inflorescence, youngest internode and youngest leaf and the number of leaves per vegetative tiller (Table 2) (Fig. 9) . The anthesis index of 2.5 ± 0.42 recorded on 30 July 2009 was not achieved until 16 September in 1970 whereas in 1970 the value on 30 July was 0 (Callaghan 1972) . Similarly, the length of the youngest internode on a flowering tiller was 167.7 ± 9.7 mm on 30 July 2009 
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Change ( whereas it did not achieve this length until 29 August in 1970, and on 30 July 1970 the length was only 97 mm.
DISCUSSION
Three major issues that emerge from this study are as follows:
(a) Landscape-scale changes in the immediate area studied are happening mainly through the reduction in area of a pond as shown in many areas of arctic North America and Siberia. (b) The two plant communities were superficially unchanged, but there was net loss of species and colonisation by species that indicated an early transition to a drier habitat at the Primary Site and an early shift to a heath at the Fellfield site. (c) At the individual plant and population level, phenology of P. alpinum appeared to be irrelevant: although large phenological changes occurred, they had no impact on plant performance in terms of number of tillers m -2 or sexual reproductive capacity.
Landscape Scale Changes
Changes in the local landscape were dominated by the reduction in the size of the small lake. Although the change is based on only two snap-shots separated by 39 years, and inter-annual variation between these snap-shots could be significant, the establishment of an Eriophorum species where the lake had previously been suggests that the change is indeed a long-term phenomenon. Drying of lakes and ponds has been recorded at many locations in the Arctic including high Arctic Canada (Smol and Douglas 2007) , Alaska , Siberia (Smith et al. 2005 ) and in south-east Greenland (Daniëls and de Molenaar 2011 [this issue]). The causes, which vary among locations, include increased evaporation as the duration of winter ice cover decreases and summer temperatures increase, permafrost thaw and drainage and decreased snow cover. In contrast to the changes in the small lake and colonisation by an Eriophorum species, the major vegetation zones/plant community distribution had remained largely unchanged: S. glauca scrub still dominated the valley floor and lower slopes of the eastern valley wall, and the ridge was still dominated by fell-field vegetation. This contrasts with many areas of the Arctic where shrub expansion has increased substantially [Sturm et al. 2001; Tape et al. 2006 ; Danby and Hik 2007; Forbes et al. 2009; Hallinger et al. 2010 ; several papers in this issue; but see Prach et al. 2010; Daniëls and de Molenaar 2011 [this issue]; Jonsdottir et al. 2005 (moss-dominated community) for findings similar to those presented here). However, less is known about the causes of shrub expansion (Büntgen and Schweingrubber 2010] and changes in herbivory could have played a role (Cairns and Moen 2004; Olofsson et al. 2009 ). On Disko Island, large recent changes in temperature are probably not of sufficient duration to significantly alter vegetation structure yet. Also, herbivory is probably relatively stable because of intensive hunting by the local community.
Plant Community Scale
Superficially, the communities at the two sites appeared to have changed little over a period of 39-42 years: the Primary Site and LB Site were still dominated by a dense moss matrix of P. wahlenbergii that supported herbs and was delineated by S. glauca, and the Fell-field Site still had a cover of only about 50% and was dominated by a mixture of prostrate dwarf shrubs, cushion forbs, graminoids, mosses and lichens. On closer inspection, there had been a net loss in biodiversity. Böcher et al. 1968) . At the Primary Site, those species that established or increased markedly in frequency and/or cover abundance (e.g. S. glauca, Chamaenerion angustifoilium, Lycopodium annotinum, Vaccinium uliginsoum) indicate a change to drier conditions. This is confirmed by the decrease in abundance of Alchemilla glomerulans and Epilobium hornemanii. The causes of these changes are unknown. However, because of the long-lived and clonal nature of almost all the species, the changes over time are not likely to be artefacts of inter-annual variations. The longer term changes could, though, be part of natural succession processes that pre-date recent climate warming, or a response to this warming (Fig. 2 ) and drying as indicated by the pond shrinkage (Fig. 3) and species change at the Primary Site. Although there is a possibility that there were errors in recording in the past and/or present, this is unlikely to have influenced the results significantly since many of the species that have been gained or lost are easy to see and they were/are now very frequent.
Population Scale
Phleum alpinum still retained the same habitat preferences as it had at least 42 years earlier, i.e. in stream banks dominated by P. wahlenbergii in the moss layer and with herbs and grasses characteristic of wet areas (Böcher et al. 1968; Callaghan 1972 Callaghan , 1974 . A visual impression was that it was more widespread in 2009. Although there are no data to compare this with in 1970, plant ecologists had failed to find the species between 1970 and 2009 (S. Jonasson and U. Molau, pers. comm.) suggesting that it was not widespread then. When the same patches were located at the LB Site, tiller density had remained almost identical over the 39 years. However, tiller density was almost ten times higher at the Primary Site in 2009 compared with the LB Site. Although there are no data for 1967, a main reason for the establishment of the study site for P. alpinum at the LB Site was because the grass was relatively rare at the Primary Site and sensitive to damage during recording. It is therefore very likely that P. alpinum has spread significantly at the Primary Site over the past decades.
Individual Plant Scale
It is unusual to revisit the same clones of a grass after 39 years. The biometric characteristics were surprisingly stable. For example, inflorescence width and length varied by only -4% (-0.5 mm) and 1% (0.2 mm), respectively, and this can indicate that we had indeed sampled the same population-even clones-as earlier. In contrast, however, phenological characters had changed dramatically: anthesis (% of flowers/inflorescence in anthesis) was 48 days earlier than in 1970 and this has occurred within a short growing season (only ca. 98 days in 1970 (only ca. 98 days in : Callaghan 1974 . Similar dramatic advances in phenology have been recorded at Zackenberg in Northeast Greenland (Høye et al. 2007 ), but over a much shorter period (10 years). Other studies exist showing either no overall trend over a 11-year period (Molau et al. 2005) or smaller advances in phenology as a result of experimental increases in air temperature within the ITEX (International Tundra Experiment) project (Henry and Molau 1997; Arft et al. 1999 ). However, no other studies in the Arctic have apparently shown that large advances in phenology are insignificant in terms of performance of the individual plant and local population density. This is surprising as a marked spread of the grass was inferred at the Primary Site and maximum density and growth indicated by studies at other sites had not been achieved (Callaghan 1974) . Furthermore, Callaghan (1972 Callaghan ( , 1974 showed that the completion of the flowering cycle with production of viable seed was strongly related to growing season length and that following apparently long growing seasons before 1970, P. alpinum had established in uncharacteristic habitats including even a snow bed site with a very short growing season of 42 days in 1970. However, examination of this and other neighbouring sites failed to find any P. alpinum, despite the earlier penology and increased chances of seed set seen in 2009. Furthermore, inspection of 10 inflorescences produced in 2008 failed to find any viable seed.
The changes demonstrated in phenology again represent two snap-shots widely separated in time and any inter-annual variability is unknown. However, the lack of association between phenological advancement, increased plant performance and population density argue for extreme caution of the frequent use of reproductive phenological variables as 'indicators' of plant responses to climate change, although genetic analysis would be needed to confirm this.
The rather small changes in plant community structure recorded here compared with many dramatic changes published earlier for the Arctic (e.g. Sturm et al. 2001; Tape et al. 2006 ) establish some balance. On one hand, the relatively small changes could reflect relatively small longterm changes in climate on Disko Island (Hansen et al. 2006) , whereas it might simply reflect that some recent publications that record dramatic changes are perhaps biased by selection of sites since climate warming became an issue. However, although the community changes were relatively small, the overall loss of biodiversity and tendency towards later successional stages might indicate the start of more important future changes that will reinforce modern trends of major loss of biodiversity (Butchart et al. 2010 ) and projections of plant community change in the Arctic Sitch et al. 2003; Callaghan et al. 2005; Kaplan and New 2006; Wolf et al. 2008; Euskirchen et al. 2009 ).
